Abstract: A case history of both reinforced and unreinforced embankments on soft subsoil built-to-failure is described and analyzed. The effect of geotextile reinforcements on embankment behavior is discussed by comparing the field and numerical analysis results of cases with and without reinforcement. The results of a laboratory model test on the behavior of embankments on soft subsoil are discussed. Both field and laboratory tests, as well as analysis results, indicate that the reinforcement had a positive effect on embankment stability. However, at a working state (for a factor of safety of FS = 1.2~1.3) the reinforcement did not have an obvious effect on the subsoil response. The effect of reinforcement on subsoil deformation could be noticed only when the unreinforced embankment was close to failure. The laboratory model test results indicated that if the reinforcement is stiff and strong enough, the effect of reinforcement is considerable. It is suggested that although the geotextile has a beneficial effect on embankment over soft subsoil due to its relative lower stiffness, to achieve a substantial improvement on embankment behavior, the stiffer and stronger reinforcements should be used. This case history also demonstrated that the rate of lateral displacement and excess pore pressure development are sensitive indicators of the stability of embankment on soft subsoil.
Introduction
When constructing an embankment over soft subsoil of low strength and high compressibility, the engineering tasks are to prevent the failure of the embankment and to control the subsoil deformation. Several methods have been developed for economically and safely constructing embankments on soft subsoil. Placing a layer of reinforcement at the base of the embankment is one of the methods.
The mechanisms of reinforcing an embankment over soft subsoil are discussed elsewhere (Bonaparte and Christopher 1987; Jewell 1988) . The functions of a layer of reinforcement are: (i) to provide tensile basal reinforcement, which contributes to the stability of the embankment, and (ii) to provide a confinement to the embankment fill and foundation soil adjacent to reinforcement. This confining effect can reduce the lateral distortion to the subsoil due to the embankment load, and therefore, the shear stress level in the soft subsoil. The contribution of the reinforcement effect is related to the strength of the reinforcement, the relative stiffness of the reinforcement to the subsoil, the embankment geometry, and the factor of safety (FS) of the embankment at a working state. Chai and Bergado (1993) showed that at a working state, a geogrid placed at the base of an embankment had only a minor effect on the FS of the embankment and a negligible effect on subsoil deformation. However, there are some reported case histories in which the reinforcement had a considerable effect on the embankment behavior (e.g., Rowe et al. 1984) . One of the uncertainties regarding the magnitude of the reinforcement effect is that some reported cases do not provide a comparison with an unreinforced case at the same site. During back-analysis with known measured data, any under or overestimation on soil strength and stiffness will over or underestimate the effect of reinforcement. Also, the effect of reinforcement is strongly stress level dependent. Using finite element analysis, Low and Duncan (1985) showed that when the FS of an unreinforced case is less than 1.0, the reinforcement can improve the performance of the embankment significantly. Therefore, to have a better understanding of the contribution of the reinforcement effect, directly comparing the behavior of reinforced and unreinforced embankments at the same site is desirable, especially for those built-to-failure cases.
The test embankments analyzed in this paper were builtto-failure ones. The test section with six subsections was 270 m long in total and was constructed on a soft clay deposit at Lian-Yun-Gang in Eastern China. Among the six subsections, two of them were built-to-failure; one was on natural subsoil, and one was reinforced by a layer of geotextile at the base of the embankment. The other four subsections were built on a prefabricated vertical drain (PVD) improved subsoil (Yang et al. 1999; Zhao 2000) . This paper describes the test results of the two built-to-failure subsections. The subsoil conditions and the embankment construction are presented first. The behavior of the two built-to-failure embankments is compared and analyzed to demonstrate the effect of reinforcement on (i) the FS of the embankment; and (ii) the subsoil response. The results of a laboratory model test of embankment on soft subsoil conducted at Saga University, Japan, are included in the discussion.
Built-to-failure embankments at Lian-YunGang, China

Subsoil condition at the test site
The test site is located in an alluvial plain, Lian-Yun-Gang area, Jiangsu province, China (Fig. 1) . The region belongs to lowland with an altitude of 2.6 m. The ground water level fluctuates between 0.5 and1.0 m below the ground surface. The soil profile consists of a 2.0 m thick clay crust underlain by a 8.5 m thick soft clay layer (called mucky clay in China). Below the soft layer there are medium-to-stiff sandy clay and silt sand layers. The physical and mechanical properties of the soft deposit are summarized in Fig. 2 , which indicates that a weak zone exists at a depth of 2-6 m. The top crust is at an overconsolidated state due to weathering and aging. Below 2.0 m, the soil is in a normal to slightly overconsolidated state with an overconsolidation ratio, OCR, of 1.04~1.07. The sensitivity is generally 2-5. At depths around 3.0 m, it is more than 10.0 (Yang et al. 1999; Zhao 2000) .
Construction of test embankments
The two built-to-failure embankments each had a length of 45 m. The embankments had a base width of 42 m. After placing a 0.5 m thick sand mat, a berm with a width of about 8.0 m was left on both sides and the embankments were built to failure. The embankments had a 1V:1.75H slope. The fill material was sandy clay. The unit weight of the compacted fill material was about 19 kN/m 3 . The average filling rate was about 0.1 m/day. The embankment on natural subsoil failed at a fill thickness of 4.04 m and at 4.35 m for the geotextile reinforced case. The embankments were instrumented with surface settlement gauges, piezometer points, and casings for lateral displacement measurement. The embankment geometry, the location of reinforcement, and the main instrumentation points for the geotextile reinforced embankment are illustrated in Fig. 3 . Two types of geotextiles were used. The first was a woven polypropylene geotextile with a unit weight of 303 g/m 2 . The in-air tensile strength from wide-width strip testing (ASTM 1994) was 40 kN/m and the failure strain was about 18% at a strain rate of 2 %/min. The second type was a heat-bounded nonwoven geotextile with a unit weight of 260.8 g/m 2 . The in-air tensile strength from wide-width strip testing was 38.5 kN/m and the failure strain was about 20%.
FEM analysis
To investigate the effect of reinforcement on the stressstrain distribution in soft subsoil, the Lian-Yun-Gang embankments were analyzed using the finite element method (FEM). The subsoil and embankment fill material were represented by 8-node quadrilateral and 6-node triangular elements, and the reinforcement by 3-node bar elements. A layer of 0.1 m thick solid elements represents the soil-reinforcement interface. These thin 8-node solid elements can simulate a shear band of 0.05 m thickness.
The soft subsoil was divided into five layers and the mechanical behavior was represented by the modified Cam Clay model (Roscoe and Burland 1968) . The adopted model parameters are listed in Table 1 . The available test data shown in Fig. 2 (Yang et al. 1999; Zhao 2000) were used to determine the model parameters. Referring to reported test data in this region (Sun and Zhen 1984) and based on the writer's experience, a friction angle φ′ of 25°(M = 1, where M is the strength parameter for the Cam Clay model) was adopted for the mucky clay layer. For stiff sandy clay and silty sand, φ′ = 35°was assumed. The value of κ was taken as 1/10 of the value of λ, where κ and λ are the slope of the rebound line and the slope of the virgin consolidation line in the e -lnp′ plot, respectively.
The value of Poisson's ratio was assumed to be between 0.25 and 0.3. The values of the hydraulic conductivities given in Table 1 are back-calculated values, and they are eight times the selected values indicated in Fig. 2 . This is because laboratory tests normally underestimate the field values (Tavenas et al. 1986; Chai and Miura 1999) . In the analysis, the hydraulic conductivity is varied with the void ratio, e, according to Taylor's equation (Taylor 1948) . where k 0 is the initial hydraulic conductivity, e 0 is the initial void ratio, k is the current hydraulic conductivity, e is the current void ratio, and C k is a constant (C k = 0.5e 0 , Tavenas et al. 1986 ). The adopted initial stress, water pressure, and the size of the yield locus are tabulated in Table 2 . To estimate the size of the yield locus, the field vane shear strength was used, so that, with the adopted initial stress, the size of the yield locus could be adjusted to yield a theoretical undrained shear strength from the modified Cam Clay model equal to the corrected field vane shear strength (multiplied by a factor of 0.8). It will be presented in a later section that 0.8 is a backcalculated value.
The fill material was sandy clay. A hyperbolic nonlinear elastic model (Duncan et al. 1980 ) was used to simulate the behavior of the backfill in the drained condition. The parameters were assumed by referring to the test data collected by Duncan et al. (1980) (Table 3) .
The tensile force-displacement relationship of reinforcement was modeled using the linear elastic-perfectly plastic model. Before yielding, the adopted stiffnesses per meter width were K = 800 and 1600 kN/m, and the strength was 40 kN/m. Two stiffness values were used to investigate the effect of reinforcement stiffness. It is generally agreed that the soil confinement will increase the friction resistance between the fabrics of the geotextile and therefore, the stiffness of the geotextile. Miura and Chai (1999) proposed a method for determining the in-soil stiffness of geotextiles by combining a small-scale soil-geotextile interface shear test with a large-scale pullout test results. The reported data showed The index and mechanical properties of the subsoil. w n , natural water content (%); I p , plasticity index; LI, liquidity index; γ t , unit weight; e 0 , void ratio; C c , compression index; S u , field vane shear strength; k h and k v , horizontal and vertical hydraulic conductivities from laboratory testing, respectively; S t , sensitivity. that for tensile strains within 3~5%, the in-soil stiffness was 2~3 times that of the in-air one. Beyond this limiting strain, the in-soil tangent stiffness was the same as the in-air value.
The stiffness values of K = 800 and 1600 kN/m are about two and four times that of the in-air stiffness for tensile strains less than 5%.
The mesh used in the analysis is shown in Fig. 4 . The modeled range was 15.5 m deep from the ground surface and horizontally 100 m away from the embankment centerline. One hundred metres is about five times the embankment half width, which is considered adequate to substantially reduce the boundary effects. The displacement boundary conditions were as follows: at bottom, both vertical and horizontal displacements were fixed; and at left (under the embankment centerline) and right (away from the centerline) vertical boundaries, the horizontal displacement was fixed, but vertical movement was allowed. The drainage boundary conditions were that the ground surface and bottom (sand layer) lines were drained, and other boundaries were undrained.
Applying embankment elements layer by layer simulated the construction of the embankment. For this case, since the fill thickness is specified, the node coordinates, including those of the "unconstructed" embankment elements, were updated at the end of each increment to consider large deformation phenomenon (Chai and Bergado 1993) . Construction histories were closely simulated as show in Fig. 6 . The load increment used was equivalent to about 0.05 m fill thickness. For both the modified Cam Clay model (Roscoe and Burland 1968) and the hyperbolic nonlinear elastic model (Duncan et al. 1980 ), a substepping technique (Sloan 1987) was used to integrate the stress-strain relationship. With the substepping technique, the failure state of the embankment could be identified (Potts et al. 1990; Chai et al. 1998) . The failure state is defined with a predefined tolerance error limit, where the numerical convergence could not be obtained within the predefined maximum number of iterations. In this analysis, the criterion for convergence was defined such that the unbalanced force at any node was not to exceed 1% of the maximum nodal force, and the maximum number of iterations used was 50. Although these numbers are arbitrary, the analysis indicated that the failure height of the embankment is not sensitive to these numbers. 
Field measurement and FEM analysis results
Failure fill thickness and failure surface
The field measured failure fill thickness is 4.35 m for the reinforced case and 4.04 m for the unreinforced case. In the analysis, the modeled strength of the subsoil was adjusted (slightly changing the yield locus) in such a way that the analyzed failure fill thickness for the unreinforced case was the same as the field value of 4.04 m. The reinforced case was then analyzed and yielded a failure fill thickness of 4.25 m, which was 0.10 m less than the field value. It is considered that the FEM analysis simulated the field performance of the embankments reasonably well.
To illustrate the effect of reinforcement on the embankment failure height, an analysis using conditions similar to the reinforced case but without reinforcement (referred to as the assumed case) was conducted. The numerical results revealed that, for the assumed case, the failure fill thickness was the same as the reinforced case. Although there is some argument as to whether the definition used in judging the embankment failure state really represents the field case, the analysis indicates that the difference in failure fill thicknesses of the test embankments may not be due to the effect of reinforcement alone. The slight difference in the construction schedules may also have contributed to the difference in the embankment failure fill thicknesses, as degree of consolidation increases with a longer construction period.
Since it is not convenient to obtain a FS value from the FEM analysis, the limit equilibrium analysis was conducted to quantify the effect of reinforcement on the FS value of the embankment. The result indicates that the reinforcement may only increase the FS of the embankment by less than 0.055. These details will be presented later. A symmetric failure pattern was observed in the field, i.e., the embankments failed on both sides. The observed failure surfaces are illustrated in Fig. 5 . The estimated depth of the failure surface is about 5~6 m. The observed failure surfaces are not much different with and without geotextile reinforcement. This supports the hypothesis in conventional stability analysis that the existence of a geotextile reinforcement does not alter the failure surface very much.
Surface settlement
The measured and simulated surface settlement -time curves under the embankment centerline, together with the embankment construction histories are shown in Fig. 6 . For the reinforced case, up to just before failure, the FEM analysis simulated the field value fairly well. However, for the unreinforced case, the analysis overpredicted the field value. The following observations can be made from the figure:
(i) before the fill thickness exceeded 2.0 m, the settlement was small; the top crust was stiffer and when the surcharge load was less than the yield stress of the crust, the crust limited the subsoil deformation; (ii) when the embankment approached the failure state, the settlement was rapidly increased due to lateral distortion of the subsoil; and (iii) just before failure, the measured data shows that the geotextile reinforcement slightly reduced the settlement rate. It is reasoned that the combination of geotextile (strong in tension) and top crust (strong in compression) improved the contribution of the top crust to the embankment stability.
Lateral displacement
The lateral displacement profiles of the reinforced case are given in Fig. 7 . For the unreinforced case, the measured data are not available. It indicates that the lateral displacement was small before the fill thickness reached 4.35 m (failure occurred). Before failure, the simulated values overpredict the measured values, and when the failure state is reached, the simulation underpredicts the field values at near ground surface. Generally, FEM analysis yielded a poor simulation on lateral deformation. This is partially due to the fact that the adopted soil model may not fully represent the behavior of the subsoil and partially due to the limitation of the FEM analysis in simulating large deformation at the close-to-failure state. Comparing the assumed case (unreinforced) and the reinforced case at the same fill thickness, it can be seen that for a lower fill thickness (2.6 m), there are very small differences in lateral displacement. However, when the fill thickness was increased to approach the failure thickness, the lateral displacement of the assumed case gradually became larger than the reinforced case. Thus, the confining effect of reinforcement is apparent. Figure 8 gives the measured variation of the ratio of lateral displacement -settlement versus embankment fill thickness. This case history also clearly indicates that when the embankment approaches failure, the lateral displacement -settlement ratio increases rapidly. These results support the proposal made by Matsuo and Kawamura (1977) for assessing the stability of embankment over soft subsoil.
Excess pore pressures
Variations of excess pore pressure at 2.0, 4.5 (4.4 m for the unreinforced case), and 7.5 m depths under the embankment centerline are given in Figs. 9a and 9b for the reinforced and the unreinforced cases, respectively. Generally, the FEM analyses simulated the field data well. When the fill thickness was less than about 2.5 m, the measured data showed that during rest (consolidation) periods between the two load increments, there was a tendency of dissipation of excess pore pressure due to the consolidation effect. When the fill thickness was more than about 2.5 m, even during the rest period, field data showed that there was no change in the excess pore pressure at 4.5 and 7.5 m depths. When the fill thickness approached 4.0 m, there was an obvious increase in excess pore pressure during the rest period. However, the FEM analysis failed to simulate this phenomenon because it did not consider the creep behavior of the subsoil. The explanation for this is that due to the progressive development of shear strain in the subsoil, the shear induced excess pore pressure increment was larger than the partial dissipation effect. Also, when the subsoil approaches the failure state, the coefficient of consolidation is reduced due to a reduction of the soil stiffness, which reduces the dissipation rate of excess pore pressure. The measured excess pore pressure versus fill thickness is given in Fig. 10 for the 4.5 m depth in the reinforced case and for the 4.4 m depth in the unreinforced case, respectively. The rate of excess pore pressure development is increased with the increase in fill thickness, which can be explained by looking at the inset in Fig. 10 . The shear induced excess pore pressure will increase rapidly with an increase in shear stress level. The continuous development of excess pore pressure under constant surcharge loading can be considered as an indicator of embankment instability. The tendency shown in Figs. 9 and 10 supports the proposal made by Tavenas and Leroueil (1980) on excess pore pressure development in soft subsoil under embankment loading. Figure 11 depicts the calculated tensile forces in the geotextile. Just before embankment failure, for the case where the stiffness K = 1600 kN/m, the maximum tensile force is 36 kN/m, which is about 90% of the tensile strength. The corresponding mobilized tensile strain is 2.3%. For the case where K = 800 kN/m, the mobilized maximum tensile force is 23 kN/m and about 60% of the tensile strength. The corresponding mobilized tensile strain is 3%. We consider that the FEM analysis can only simulate the prefailure state, but not the failure process accompanying large deformation. In the field, the rupture of the reinforcement was observed. However, we believe that the rupture might be a postfailure phenomenon, i.e., it was ruptured due to larger deformation of the embankment after failure. Rowe and Soderman (1985) discussed the strain compatibility between reinforcement and soil and pointed out that the allowable compatible strain, which is the tensile strain for design reinforcement, is a function of both the subsoil properties and the geometry of the embankment. From their finite element analysis results, the allowable compatible strain is in a range of 1-9%. After reviewing some of the published data, Bonaparte and Christopher (1987) suggested that the allowable strain is mainly controlled by the subsoil properties. The recommended values are 2~3% for sensitive subsoil, 4~6% for medium-to low-sensitive subsoil, and 6~10% for nonsensitive plastic subsoil. The mobilized tensile strain from the FEM numerical analysis is within the range suggested by Rowe and Soderman (1985) .
Mobilized tensile force in reinforcement
Discussion
Effect of reinforcement on the FS of the embankment
Practically, the limiting equilibrium method is used in analyzing the FS of the embankment on soft subsoil. The key point is how to select a proper mobilized strength of subsoil, as well as fill material. In the field, the failure surface is formed gradually, i.e., progressive failure. Also, due to the strain softening characteristics of most natural clay deposits and cracks occurring in the fill material, determining the mobilized strength at failure is a complicated task. For the purpose of discussing the effect of reinforcement on the FS of the embankment, the values of soil strength listed in Table 4 were used. The subsoil strength was vane shear strength multiplied by a factor of 0.8. With the strength given in Table 4 , FS values of 1.0 and 1.01 were obtained for embankments with and without reinforcement, respectively. Most proposed methods for analyzing the FS of reinforced embankments on soft subsoil (e.g., Milligan and Rochelle 1984; Rowe and Soderman 1985) only consider the restoring moment due to the mobilized reinforcement tensile force. This is because with a total stress analysis, reinforcement may not increase the undrained shear strength of the subsoil very much. The same assumption was adopted in analyzing the reinforced embankment here. The mobilized tensile force of 23 kN/m (corresponding to a reinforcement stiffness of K = 800 kN/m) with a horizontal orientation was assumed. The analysis revealed the following. (i) A tensile force of 23 kN/m can only increase the FS by about 0.035. An in-air tensile strength from the wide-width strip test of 40 kN/m, resulted in an increase of 0.055. The absolute value of the increase in the FS due to reinforcement is related to the magnitude of the sliding mass. If the amount of mobilized tensile force is the same, the smaller the sliding mass, the larger the effect.
(ii) The same increase in the FS can be obtained by increasing the strength of the subsoil by about 0.5 kPa (about a 5% increase). Ladd (1991) proposed an empirical equation for estimating the undrained shear strength (S u ) of clay as follows:
where S and m are constants, OCR is the overconsolidation ratio, and σ′ v is the vertical effective stress. Normally, the value of S is in a range of 0.2~0.3, and m is from 0.75 to 1.0. Using S = 0.3, m = 0.8, and OCR = 1.0, an increase of 0.5 kPa in strength requires an increase in effective vertical stress of about 2 kPa. Reducing the construction speed or using the vertical drain improvement can provide this amount of increase in the vertical effective stress. At the same site, PVD improved subsections with a fill thickness of 6.5 m (about 1.5 times that of the test reinforced embankment), did not show any sign of embankment instability (Zhao 2000) .
Effect of reinforcement on the subsoil response
Stress path analysis for elements directly under the reinforcement Figure 7 shows that when the embankment approaches to failure, there is a difference in lateral displacement for both the reinforced case and the assumed case (without reinforcement). It is of interest to check the effect of reinforcement on the stress path of soil elements directly under the reinforcement. Figure 12 shows the stress path for a subsoil element directly under the reinforcement and adjacent to the embankment centerline. Since the soil under the reinforcement is within the top crust and in an overconsolidated state, the effective stress path reaches the critical state from the "dry" side. This indicates that under an equal mean effective stress (p′), the reinforcement reduced the deviator stress (q), or for the same deviator stress condition, reinforcement increased the confining stress (effective mean stress). Also, this difference increased with an increase in embankment loading. The amount of this kind of restraining effect is a function of the relative stiffness-strength of the reinforcement and the subsoil, the mobilized stress level in the subsoil, the soil-reinforcement interface property, and the thickness of the elements adjacent to the reinforcement. Figure 13 is used to illustrate why the effect of reinforcement on subsoil deformation increases when the embankment approaches failure. Normally, the stress-strain curve of soil is nonlinear. We assume that the reinforcement can reduce a certain amount of shear stress (∆τ) on a soil element. At P-1 (in Fig. 13) , with a higher FS value (about 1.2), the reduction of shear stress ∆τ can result in a reduction in shear strain of ∆ε 1. However, at P-2 with a value of FS close to unity, ∆τ can result in a larger shear strain reduction ∆ε 2 (i.e., ∆ε 2 > > ∆ε 1 ).
Test results for the laboratory model
Since the measured field data are limited and the field conditions for the reinforced and the unreinforced cases might be not completely identical, a laboratory model test was conducted at Saga University, Japan, to further clarify the effect of reinforcement on subsoil deformation. For a 1 g model test, it is not easy to introduce embankment failure by adding fill material. For convenience sake, a surcharge was applied. Although this is different from an embankment on soft subsoil in the field, the main purpose here is to qualitatively show the effect of reinforcement on subsoil deformation. The set-up of the model test is illustrated in Fig. 14. A model box made with transparent acrylic has an inner dimension of 1.5 m in length, 0.6 m in width, and 0.8 m in height. An acrylic plate was fixed in the middle of the box along the direction of the length to form two separated submodel boxes with a width of 0.3 m. Two layers of geotextiles were placed at the bottom and two end vertical boundaries as drainage layers. To measure the lateral displacement, paper grids were put on the inner side of both side-walls (transparent) using silicon grease. Three clay layers and two thin sand layers formed the model ground.
The thickness was about 150 mm for each clay layer and about 30 mm for each sand layer. The clay used was remolded Ariake clay with a water content of about 130~140% (larger than the liquid limit of about 105%). The plastic limit was about 57%. The model ground was consolidated under a 10 kPa dead load for about 2 months. After primary consolidation was finished, the dead load was removed and the soil was sampled for strength and compressibility tests. The test results indicate that the model ground had a compression index (C c ) of about 0.8, a void ratio (e) of about 3.0, and an undrained shear strength (S u ) of 4.5-5.5 kPa (laboratory vane shear test).
Model embankments with a height of 50 mm and a base width of 700 mm were built on both sub-models using sand as fill material. However, one sub-model had one layer of geogrid between the model ground and the embankment. The geogrid used had a grid size of 6 mm by 6 mm and a tensile strength of 5.2 kN/m (strain rate 1%/min). The stiffness was about 300 kN/m for a less than 1% tensile strain condition. Considering the scale of the model (about 1/20 to 1/30 of the prototype), the reinforcement was very stiff and strong and it can be regarded as "fully reinforced" (Jewell 1988) . On top of the model embankment, a 100-mm wide loading plate was placed at the center. The load was applied stepwise by air pressure through a bello-frame cylinder with an increment of 15 kPa and the loading duration for each increment was about one week. The same loading condition was maintained for both sub-models.
These model tests were analyzed by FEM with the same techniques as described previously. The measured, as well as the FEM simulated, settlement variations and lateral displacement profiles (up to 60 kPa loading) are given in Figs. 15 and 16 , respectively. Figure 15 shows that for loads up to 45 kPa, the settlements for both the reinforced and the unreinforced cases are identical. After the load reached 45 kPa, the settlement difference was clearly observed. At the surface of the model ground, the undrained shear strength was about 5.2 kPa, and the plasticity theory gives an undrained bearing capacity of about 27 kPa. Taking into account the effect of partial consolidation during the loading period and the stress spreading effect of the model embankment, a bearing capacity of about 40-50 kPa can be roughly estimated. When the load increased to 45 kPa, for the unreinforced case, the subsoil was close to failure. For the reinforced case, due to the restraining effect of the geogrid, the surface soil still did not fail. Therefore, the settlement difference of the two cases is obvious. When the load was increased further to 60 kPa, the settlement difference increased rapidly, which was mainly due to the difference of lateral displacement as indicated in Fig. 16 . The model test results clearly illustrated that (i) when the FS value is large, even with very stiff and strong reinforcement, there is no noticeable effect on subsoil deformation; and (ii) when the FS value is close to 1.0 for the unreinforced case, the reinforcement can have considerable benefit on reducing the lateral deformation of the subsoil if the reinforcement is stiff and strong enough.
To further illustrate this point, simulated shear stress level (SL) distributions in model ground just after applying the 45 kPa load are compared in Figs. 17a and 17b . It indicates that for the unreinforced case, the failure zone (SL = 1.0) reached the surface of the model ground, but for the reinforced case, the value of SL at the surface of the model ground is about 0.9. However, for both cases, there was not much difference in the failure zone inside the model ground.
Conclusions
The results of test embankments with and without geotextile reinforcement on the soft clay deposit in LianYun-Gang, China, are reported. The field data together with FEM analyses revealed the following:
(1) Geotextile reinforcement can increase the FS value of the embankment on soft deposits. The magnitude of the effect is a function of the mobilized tensile force in the reinforcement and the geometry of the embankment. For the case studied here, limit equilibrium analysis results show that the geotextile reinforcement may only increase the FS value by less than 0.055.
(2) Base reinforcement will only have a beneficial effect on subsoil deformation when the unreinforced case approaches failure. At a working state with a factor of safety of 1.2-1.3, both the field full-scale test and the laboratory model test results indicate that there was no obvious effect of reinforcement on subsoil deformation.
(3) FEM analysis result show that the restraining effect of reinforcement can reduce the deviator stress of the soil elements directly under the reinforcement. This effect increases with an increase in embankment loading.
(4) The field measurements indicate that the rates of lateral displacement and excess pore pressure development in the subsoil are sensitive indicators of embankment stability. 
